The survival of human parainfluenza virus types 1, 2, and 3 was measured in both indoor and outdoor environments at South Pole Station, Antarctica, in an effort to determine the long-term survival of these viruses in this environment and to identify the possible source of respiratory tract illnesses which occurred in this isolated population in 1978 after 10 and 27 weeks of total social isolation. Viruses were applied to plastic petri plate surfaces which were then stored in indoor (21.4°C; water vapor density, 1.50 g of water per m3) and outdoor environments (-22.4 
Midwinter episodes of respiratory tract illness (RTI) occurred among 22 healthy human adult subjects socially isolated for 8.5 months at South Pole Station, Antarctica, during 1978. These episodes occurred 10 and 27 weeks into the isolation period, long after the usual incubation period for known human respiratory viruses and at a time when the introduction of new viruses to the community from the outside was impossible.
Virological and serological data identified parainfluenza virus types 1 and 3 as the agents responsible for these RTI episodes (10) . Since parainfluenza viruses are known to cause mild to moderate RTI of short duration in healthy human adults, with virus shedding lasting only between 4 and 7 days (3, 15) , the reappearance of parainfluenza viruses within this community after 10 and 27 weeks of total isolation suggests that these viruses could be surviving in the South Polar environment, i.e., outside the human hosts.
The Parainfluenza virus survival. The optimum time for uniform coating and the reproducibility of exposure of a petri plate surface to the virus aerosol generated by the nebulizer were determined by experiment. Virus titers recovered APPL. ENVIRON. MICROBIOL.
on September 7, 2017 by guest http://aem.asm.org/ Downloaded from from triplicate petri plate surfaces immediately after 20-s exposures to aerosols of parainfluenza virus types 1, 2, and 3 were 4.11, 5.36, and 4.66 log10 TCID50 per ml, respectively, and did not vary more than +0.27 log10 TCID50 per ml between determinations. In subsequent experiments, petri plate surfaces were exposed to the virus aerosol for 20 s. Plates were then stored either in the biomedical facility (21.4°C; relative humidity 8.0%) or outside the building. The outside temperature at the beginning of the experiment in January was -22.4°C, and at the conclusion of the experiment 17 days later, the temperature was -33.3°C. At relative humidities of 100% measured outside, these temperatures corresponded to WVD of 0.706 and 0.247 g of water per m3, respectively. Virus titers were determined immediately after aerosol generation (zero time) and at 4-day intervals until no viable viruses could be detected. The rates for parainfluenza virus inactivation in both environments are shown in Fig. 1 . Parainfluenza virus type 1, with an initial titer of 3.78 log10 TCID50 per ml, was completely inactivated at room temperature after 4 days and in the outside environment after 7 days. Parainfluenza virus types 2 and 3 (with initial titers of 5.58 and 5.38 log10 TCID50 per ml, respectively) were inactivated after 7 and 12 days, respectively, at room temperature and after 17 days of storage outside. Although no statistical differences between virus inactivation at room temperature and outside storage were demonstrated, viruses in the warmer inside environment consistently showed earlier inactivation.
DISCUSSION
Episodes of RTIs are common at both South Pole and McMurdo Stations during the summer season, when personnel changeover and resupply occur. Viruses recovered from these illnesses include rhinoviruses, parainfluenza virus types 1 and 3, and herpesvirus type 1, (11-13). The presence of parainfluenza viruses at South Pole Station before the station closing, together with outbreaks of parainfluenza virus-related illnesses after 10 weeks of total isolation, suggested the long-term survival of virus in the environment at South Pole Station.
Examination of the survival time curves for parainfluenza virus in both the indoor and outdoor environments at South Pole Station showed total inactivation of viruses with an initial log10 TCID50 per ml of between 4.11 and 5.36 within 17 days. The initial virus titers used in these experiments were at least 2 log10 TCID50 per ml greater than has been recovered from the nasal secretions of a human adult with parainfluenza virus illness (8) . The indoor environment was unexpected, since experiments carried out by other workers have shown human parainfluenza virus type 3 to survive only a short time in a suspended aerosol at room temperature and low humidity (9) . How (12) .
The long-term survival of parainfluenza virus in either the indoor or outdoor environment at South Pole Station appears unlikely and, therefore, does not provide a likely source of infectious viruses responsible for the midwinter RTIs in this population. The persistence of the viruses in the upper respiratory tract of one or more subjects in this isolated community is probably a better alternative mechanism of virus survival in this environment. Evidence for parainfluenza virus type 3 persistence and shedding in nonnormal adults has been offered by Gross et al. (4) , who were able to recover viruses on monthly occasions from subjects with chronic pulmonary disease. Parainfluenza virus type 3 shedding for as long as 115 days has been observed in children with severe immunodeficiency diseases (1, 7) . These observations demonstrate the ability of parainfluenza viruses to persist in and be shed from the human respiratory mucosa for prolonged periods of time.
Although our subjects at South Pole Station were healthy and free from any known immunodeficiency or debilitating diseases, parainfluenza viruses were recovered from asymptomatic subjects on more than one occasion during the winter, and two subjects shed virus into each specimen collected throughout the winter (10) .
The reasons for viral persistence and asymptomatic virus shedding in these subjects isolated at South Pole Station for 8.5 months is unknown but may be related to the long-term effects of this cold and dry environment on the human upper respiratory mucosa. Cold and dry air has been shown to impair mucosal ciliary activity (5) . Impairment of this function would reduce or eliminate distribution of antiviral substances throughout the upper respiratory tract. The decreased availability of these immune and nonimmune substances could enhance the production of infectious virus with shedding and transmission to nonpersistently infected individuals rendered susceptible to infection by exposure to the same environment.
